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Introduction

According to the most recent estimates 
from the World Health Organization 
(WHO) and Joint United Nations Pro-
gramme on HIV/AIDS (UNAIDS),1,2 
42% of all HIV-positive individuals who 
were needing antiretroviral treatment 
(ART) at the end of 2008 were receiving 
treatment. This is a substantial increase 
on the level of 33% coverage at the end 
of the previous year. Coverage is defined 
as the number of individuals receiving 
ART at a point in time divided by the 
number of individuals who are eligible 
to receive treatment at the same point 
in time (including those who are already 
receiving ART).2 This is a cross-sectional 
measure, a “snapshot” of the cumulative 
ART enrolment relative to the “backlog” 
of unmet need, at a point in time. The 
measure is widely used and is the indicator 
of ART access that is currently recom-
mended by the United Nations General 
Assembly Special Session on HIV/AIDS 
(UNGASS).

Changes in enrolment 

As ART programmes mature, the increas-
ing number of patients on ART, included 
in both the numerator and denominator, 
render the measure increasingly insensi-
tive to annual changes in ART enrolment. 
Consider, for example, a hypothetical 
country that has 30 000 untreated indi-
viduals in need of ART at the start of the 
year 2000, with 10 000 patients becoming 
eligible to receive ART in each year, from 
2000 onwards. If the country started 
enrolling patients on ART at a rate of 
8000 per annum from 2003 onwards, it 
could expect to have coverage of close to 
80% by the start of 2010 (details of the 
calculations available at: http://tinyurl.
com/45hxwgm). However, if the annual 
number of patients enrolled on ART were 
to drop by 500 per annum, from the 
start of 2010, coverage after 2010 would 
remain relatively stable at around 80%, 
even though the numbers of patients 
starting ART are decreasing relative to the 

numbers of patients becoming eligible to 
receive ART (Fig. 1). In this situation, the 
currently used ART coverage measure says 
relatively little about recent programme 
performance. The measure is heavily influ-
enced by the length of time that an ART 
programme has been running. Recently 
introduced programmes are likely to have 
lower coverage than programmes that 
have been running for several years, even 
if they are currently enrolling patients at 
a higher rate.

Changes in eligibility

The current coverage definition is also 
very sensitive to the ART eligibility cri-
teria. This is illustrated in Fig. 2, which 
shows ART coverage estimates for two of 
South Africa’s provinces based on a previ-
ously described analysis.3 In the North 
West province, ART coverage in adults 
is shown to decrease from 35% to 20% in 
2008 if the CD4 threshold for eligibility 
changes from 200 cells/μl to 350 cells/μl. 
In 2009, WHO recommended this new 

threshold for ART initiation in adults 
which has since been adopted by many 
countries. This change could therefore 
result in significant decreases in cross-
sectional estimates of coverage, in spite 
of countries enrolling greater numbers of 
patients onto ART.

An enrolment ratio

To complement the interpretation of 
ART programme data, it would be ben-
eficial to consider a second definition of 
ART access: the ratio of ART initiation to 
HIV disease progression. The numerator 
is the number of individuals starting ART 
in a given year, and the denominator is the 
number of individuals becoming eligible 
for ART in the same year, according to 
the ART guidelines that are in place 
during that year. This enrolment ratio 
is a longitudinal measure rather than a 
cross-sectional measure, as it requires 
estimates of numbers of events over a 
one-year period.
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Fig. 1. Comparison of definitions of access to antiretroviral treatment (ART) in a 
hypothetical countrya
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UNGASS, United Nations General Assembly Special Session on HIV/AIDS.
a The UNGASS coverage definition is the number of patients on ART divided by the number of individuals eligible to 

receive ART. The enrolment ratio is the ratio of patients starting ART to newly eligible individuals.
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The primary advantage of this enrol-
ment ratio is that it is a better indicator 
of recent programme performance. For 
example, although the North West and 
KwaZulu-Natal provinces in South Africa 
have similar levels of coverage according 
to the standard UNGASS definition 
(Fig. 2), the enrolment ratio shows that 
the rate at which patients are enrolled 
onto ART has started to slow down 
in the North West province in recent 
years, but has increased dramatically in 
KwaZulu-Natal (Fig. 3). The hypothetical 
example in Fig. 1 also demonstrates that 
the enrolment ratio reflects the decline 
in the numbers of patients enrolled on 
ART after 2009.

A second advantage of this measure 
is that it is relatively insensitive to the 
way in which ART eligibility is defined. 
For example, the enrolment ratio in 2008 
in KwaZulu-Natal is 57% if eligibility is 
defined as CD4 < 200 cells/μl, and 55% if 
eligibility is defined as CD4 < 350 cells/μl 
(Fig. 3). This is because the denominator, 
the number of individuals whose CD4 
counts drop below a particular threshold 
in a given period, will be relatively insen-
sitive to the choice of CD4 threshold if 
HIV incidence rates have been roughly 
stable in recent years.

A related advantage is that the mea-
sure is also relatively insensitive to model 
assumptions about the rates of mortality 
and CD4 decline in untreated individu-
als. Regardless of the measure of ART 
access, mathematical models are usually 
required to estimate the denominator in 
ART-access calculations. This introduces 
a major source of uncertainty, as rates of 
mortality and CD4 decline in untreated 
individuals are difficult to quantify accu-
rately, and may well vary between popu-
lations. For example, when using seven 
different sets of estimated CD4 transition 
rates,4–7 the range of variation in model 
estimates of coverage in the North West 
province in 2008 (according to the < 350 
cells/μl definition) is 22% of the mean, 
using the standard UNGASS definition 
of coverage. However, when the same 
sets of CD4 transition rates are used in 
the model, and ART access is instead 
defined as the ratio of ART initiation to 
HIV progression, the range of variation 
in ART-access estimates is only 12% of 
the mean. This reduction in uncertainty 
occurs because the unmet need for ART 
at a point in time is more sensitive to 
assumptions about rates of CD4 decline 
than is the number of individuals crossing 

a particular CD4 threshold over a period 
of time.

Another potential advantage of the 
enrolment ratio is that the numerator 
is the number of patients starting ART 
in a period, rather than the number of 
individuals currently receiving ART. The 
former may be easier for some countries 
to report, although it may be subject to 
double counting errors if ART patients 

who are transferred from one clinic to an-
other are counted as “new” ART patients. 
In countries that do not routinely collect 
data on new enrolment, additional costs 
may be incurred in collecting this infor-
mation. The potential for double count-
ing and the potential costs of additional 
data collection are disadvantages of the 
enrolment ratio, although it is possible to 
estimate the number of patients starting 

Fig. 2. Estimated levels of adult access to antiretroviral treatment (ART) using 
UNGASS definition in North West and KwaZulu-Natal provinces, South Africaa

0

Pe
rc

en
ta

ge

60

CD4 < 200 cells/µl eligibility

2000

CD4 < 350 cells/µl eligibility
50

40

30

20

10

2001 2002 2003 2004 2005 2006 2007 2008

0

Pe
rc

en
ta

ge

60

2000

50

40

30

20

10

2001 2002 2003 2004 2005 2006 2007 2008

North West province

KwaZulu-Natal province

UNGASS, United Nations General Assembly Special Session on HIV/AIDS.
a The UNGASS coverage definition is the number of patients on ART divided by the number of individuals eligible to 

receive ART.
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ART from the number of patients cur-
rently on ART if the latter is considered 
more reliable or if it is the only informa-
tion available (more information available 
at http://tinyurl.com/45hxwgm).

The enrolment ratio is relatively 
easy to apply to children. Under the new 
paediatric ART guidelines, all infected 

children aged less than 24 months are 
considered to be eligible for ART. The 
denominator for the enrolment ratio can 
therefore be calculated as the number of 
new HIV infections in children – assum-
ing that almost all of these occur before 
the age of 24 months. Using the standard 
UNGASS definition of ART coverage 

in children requires an estimation of 
numbers of children aged more than 24 
months with CD4 counts below speci-
fied limits. This is difficult because of the 
lack of long-term disease progression data 
from untreated HIV-positive children in 
developing countries.

A potential disadvantage of the 
enrolment ratio is that it is a ratio rather 
than a proportion, which makes the 
measure more difficult to interpret. For 
example, it is possible to obtain a ratio 
of ART initiation to HIV progression 
in excess of one if there are more people 
starting ART than becoming eligible for 
ART in a particular period. This does 
not imply that there are more people on 
ART than people who need it, although 
the result could be misinterpreted as such. 
The definitions of the numerator and 
denominator may also be more difficult 
to communicate to individuals familiar 
with cross-sectional measures of ART 
access. The standard UNGASS indicator 
is still needed because the enrolment ratio 
does not provide information about the 
“backlog” of unmet need.

Conclusion
The current globally agreed definition 
of cumulative ART coverage has proved 
an invaluable tool for promoting the 
systematic estimation of ART coverage 
at country level and for holding coun-
tries accountable through reporting 
requirements, such as those requested 
by UNGASS. As programmes mature 
and funding for ART becomes more 
uncertain, there is however a need to 
expand reporting of ART access to 
include measures of recent enrolment. 
We have proposed one such definition 
to complement the existing UNGASS 
definition of ART coverage. The ratio 
of ART initiation to HIV progression 
is not only a better reflection of recent 
programme performance, but also a 
more robust measure that is less sensitive 
to model assumptions and to changes in 
ART eligibility criteria. ■
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Fig. 3. Estimated levels of adult access to antiretroviral treatment (ART) using 
enrolment ratio definition in North West and KwaZulu-Natal provinces, South 
Africaa

0

Pe
rc

en
ta

ge

60

CD4 < 200 cells/µl eligibility

2000

CD4 < 350 cells/µl eligibility
50

40

30

20

10

2001 2002 2003 2004 2005 2006 2007 2008

0

Pe
rc

en
ta

ge

60

2000

50

40

30

20

10

2001 2002 2003 2004 2005 2006 2007 2008

North West province

KwaZulu-Natal province

a The enrolment ratio is the ratio of patients starting ART to newly eligible individuals.
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